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Abstract
The Electroweak sector in E6 supersymmetric models is subject
to a degree of fine tuning in the percent to permil level. This can
be attributed to the experimental limits on both the mass of the Z ′
boson associated with the extra U(1)′ symmetry in the model, as
well as the masses of naturalness-related sparticles (which is a general
source of tuning in supersymmetric models). The degree of tuning can
be smaller than that in the minimal supersymmetric standard model
with universal fundamental parameters (the constrained MSSM). We
show this by quantifying the fine tuning in regions of the parameter
space of the constrained exceptional supersymmetric standard model
(cE6SSM) corresponding to values of tanβ below and above 10. It is
found that, a Higgs mass mh ∼ 125 GeV, a gluino mass mg˜ ∼ 1.5
TeV, and a Z ′ boson mass mZ′ ∼ 3.8 TeV correspond to fine tuning
in the 0.2% (0.1%) level for tanβ = 30 (5).
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1 Introduction
Naturalness, which can be understood as the requirement that observable
quantities in a given model does not possess large and unexplained fine tuning
(see [1]), has been a leading principal for developing theories beyond the
Standard Model (SM). The quadratic sensitivity of the Higgs mass-squared
parameter (m2H) to the scale of new physics, be it the Planck scale at 10
19
GeV or a scale at which heavy masses may exist (e.g. the Grand Unification
(GUT) scale MGUT = 10
16 GeV), has led the community to suggesting the
existence of new physics at low scale near 1 TeV (see [2, 3]). This is due to
the fact that in the absence of new physics at the low scale, the parameter
m2H , which is proportional to the measured value of the vacuum expectation
value (VEV) of the Higgs field (v = 246.22 GeV), will need to be carefully
fine tuned, order by order in perturbation theory, against the cutoff of the
new scale (or any heavy mass), thereby destabilizing the Electroweak scale.
For example, if the scale of such masses is the GUT scale (∼ 1016 GeV), then
the degree of tuning is roughly 1 part in 1032.
Among the well-motivated and most studied theories beyond the stan-
dard model that might appear at the low scale are supersymmetric (SUSY)
models, in which m2H is protected from large radiative corrections by the
symmetry (for a pedagogical review see [4]). However, the LHC is pushing
the scale of SUSY close to or above 1 TeV [5, 6], thereby placing the concept
of Naturalness to the experimental test.
SUSY models differ in their predictions of observables, such as the mass
of the Higgs and the Z bosons (mZ). While some models require large con-
tributions from radiative corrections as in the MSSM, other models can ac-
commodate a 126 GeV Higgs even at tree-level. The E6SSM is such a model
[7, 8] (introduced in Section 2). However, it is a general feature of SUSY
models that, the more the SUSY scale is pushed up by experiments (i.e.
more separation from the weak scale), the more fine tuning is required in or-
der to correctly predict the measured values of observables. Additionally, E6
models like the E6SSM have a new and distinct source of fine tuning which
is the Z ′ boson [9] that was investigated in [10].
One of the implications of this tension between the Electroweak scale and
the SUSY scale (also known as the little hierarchy problem) is that a given
model or a specific point in the parameter space becomes less attractive from
the point of view of Naturalness which is usually used as a criteria to favour
models or points in the parameter space over others. It is important from
model building point of view to learn the degree of fine tuning within a given
model and whether or not it is possible to find regions in the parameter space
that have low fine tuning and correct predictions for the values of observables.
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This, then, can be directly related to testing the predictions of Naturalness
at the LHC.
In this note, we probe regions in the parameter space of the cE6SSM with
unexplored fine tuning and quantify it, thereby complementing the results in
[10].
2 The exceptional supersymmetric standard
model
The E6SSM is based on the exceptional Lie group E6, which contains SO(10)
as a subgroup, of which SU(5) is a subgroup. It is possible then to decompose
the fundamental representation of dimension 27 under SU(5)× U(1)′ as,
27→ 101 + 52︸ ︷︷ ︸
Quarks &
Leptons
+ 15︸︷︷︸
Singlets
+ 10︸︷︷︸
R-H Nutrinos
+ 5−3 + 5−2︸ ︷︷ ︸
Higgs doublets &
Exotics
(1)
One requires three 27s to ensure an anomaly free model. Additionally,
extra non-Higgs superfields denoted (H ′, H
′
) coming from other incomplete
representations denoted (27′, 27
′
) are added in order to ensure gauge coupling
unification. Thus, in the notation of the SU(5) group the complete matter
content in the E6SSM is,
3 (5 + 10 + 10 + 15 + 5 + 5)︸ ︷︷ ︸
27
+ (H ′, H
′
)︸ ︷︷ ︸
27′,27′
(2)
At the GUT scale, where the gauge couplings unify, the E6 group breaks
down to the group structure of the standard model with an additional U(1)′
group,
SU(3)c × SU(2)L × U(1)Y × U(1)′, (3)
which survives to low energy scales (∼1 TeV).
In order to prevent rapid proton decay, flavor-changing neutral currents,
and allowing only third generation Higgs doublets (Hˆu,d) and SM singlet (Sˆ3)
to couple to matter superfields, a number of discrete symmetries is imposed,
namely, an approximate ZH2 , and either a Z
L
2 or a Z
B
2 which specifies two dis-
tinct models allowing the exotic matter to be either diquarks or leptoquarks.
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The ZH2 invariant superpotential reads,
WE6SSM ≈ λiSˆ(Hˆdi Hˆui ) + κiSˆ(DˆiDˆi) + fαβSˆα(HˆdHˆuβ ) + f˜αβSˆα(HˆdβHˆu)
+
1
2
MijNˆ
c
i Nˆ
c
j + µ
′(Hˆ ′Hˆ ′) + hE4j(HˆdHˆ
′)eˆcj + h
N
4j(HˆuHˆ
′)Nˆ cj
+WMSSM(µ = 0), (4)
where the indices α, β = 1, 2 and i = 1, 2, 3 denote the generations. S is the
SM singlet field, Hu, and Hd are the Higgs doublet fields corresponding to
the up and down types. Exotic quarks and the additional non-Higgs fields
are denoted by D and H ′ respectively.
In order to ensure that only third generation Higgs like fields get VEVs a
certain hierarchy between the Yukawa couplings must exist. Defining λ ≡ λ3,
we impose
κi, λi  fαβ, f˜αβ, hE4j, hN4j. Moreover, we do not impose any unification
of the Yukawa couplings at the GUT scale.
Finally, investigations of the Higgs sector, sparticles mass spectrum, dark
matter, gluino phenomenology, flavor physics, gauge coupling unification,
and F-theory origins can be found in [11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26]
3 Fine tuning
In a given model, it is possible to quantify the fine tuning associated with
observables by systematically studying their sensitivity to fractional varia-
tions in the GUT scale fundamental parameters. To capture and quantify
this sensitivity, Ellis et. al. [27] proposed a measure that is widely used in
the literature (e.g. [28, 29, 30, 31, 32, 33, 34, 35, 36]) and can be defined as,
∆a =
∣∣∣∣d lnMZd ln a
∣∣∣∣ , (5)
where MZ is the mass of the Z boson, which can be expanded in terms of a
set of fundamental parameters as,
M2Z
2
≈
n∑
i=1
Fizia
2
i (6)
where, a denotes the fundamental parameters, z is the coefficient correspond-
ing to each parameter, and is calculated numerically using the renormalisa-
tion group equations. F is some factor, possibly, involving tan β.
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Next, using Eq. 5 and following the process sketched in Fig. 1; a master
formula for the fine tuning was derived and presented in [10] where the details
of the semi-analytical procedure and code implementations are provided.
Figure 1: Process for deriving the master formula, where EWSB refers to
the Electroweak symmetry breaking conditions obtained by minimizing the
scalar Higgs potential.
In this study we scan the parameter space of regions where tan β is either
small ∼ 5 or large ∼ 30. It is vital to note that changing tan β affects the
running of the renormalisation group equations which are used to expand
low scale parameters in terms of high scale ones (see Eq. 6), hence allowing
the quantifying of fine tuning in those distinct regions.
4
4 Results and discussion
Figure 2: In the left panel, the fine tuning in the parameter space is shown
in the m0−m1/2 plane, while the the right panel shows the values of mh. All
with a fixed value of MZ′ ≈ 3.8 TeV, and tan β = 5.
Figure 3: In the left panel, the fine tuning in the parameter space is shown
in the m0−m1/2 plane, while the the right panel shows the values of mh. All
with a fixed value of MZ′ ≈ 3.8 TeV, and tan β = 30.
Scanning over values of λ3(GUT) ∼ {−3, 0}, κ1,2,3(GUT) ∼ {0, 3}, taking
specific values of tan β = 5 and 30, while fixing s = 10 TeV (i.e. MZ′ ≈ 3.8
TeV). The cuts we applied are rather conservative (see [10]) as we require
a gluino mass mg˜ > 1.4 TeV. The Higgs mass is required to be within the
range 123 < mh < 127 GeV.
From the right panel in Fig. 2, one can see that small values of tan β can
hardly produce a Higgs mass larger than 124 GeV. From our results we notice
5
that the gluino mass can be large (> 1.5 TeV) in that region, however, fine
tuning becomes larger as we approach lower values of tan β (c.f. Fig. 3). The
benchmark point (appears as a black dot in the Figures) for the tan β = 5
case corresponds to a Higgs mass of 124 GeV, mg˜ ∼ 1.7 TeV, and fine tuning
∆ ∼ 1000, which is ∼ 0.1% tuning.
One the other hand, in regions where tan β is large, as in Fig. 3, it is
easy to find a Higgs mass above 125 GeV and fine tuning is slightly lowered.
However, as one approaches larger and larger values it becomes somewhat
difficult to find a gluino mass larger than 1.5 TeV. Therefore, moderate values
of tan β are favored in this model from phenomenological and naturalness
standpoints. The benchmark point for tan β = 30 corresponds to mh ∼ 126.4
GeV, mg˜ ∼ 1.4 TeV, and fine tuning in the ∼ 0.2% level (∆ ∼ 600), which
is slightly better than the previous case.
5 Conclusions
We have investigated regions of the parameter space of the cE6SSM where
tan β is as low as 5 and as high as 30. Moreover, we took into account the
latest experimental limits on SUSY particles as well as the measured value
of the Higgs boson. We find that, in general, fine tuning in the Electroweak
sector lies in a level between 0.2%− 0.1%. Small tan β regions are character-
ized by Higgs mass between 123 and 125 GeV, and a gluino mass that can
be larger than 1.5 TeV. The fine tuning is more severe in this region of the
parameter space. On the other hand, large tan β regions are associated with
larger Higgs mass ranging from 123 to 127 GeV, but gluino mass that tend
to be smaller than 1.5 TeV. However, the fine tuning is slightly less than that
in the very low tan β regime. We can then conclude that moderate values of
tan β are favoured by naturalness in the cE6SSM. Finally, in future studies,
one can study the effects of including radiative corrections (e.g. the one-loop
Coleman-Weinberg potential) into the definition of fine tuning.
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